Simian virus 40-transformed hamster cells were induced to produce infectious virus by treatment with mitomycin C or y-irradiation. A portion of the simian virus-40 DNA, which is integrated into the host cell genome in uninduced cells, was recovered in a pool of relatively low-molecular-weight DNA early after induction treatment in the absence of DNA replication. The data indicate that excision of the viral genome occurs subsequent to the induction stimulus.
Simian virus 40-transformed hamster cells were induced to produce infectious virus by treatment with mitomycin C or y-irradiation. A portion of the simian virus-40 DNA, which is integrated into the host cell genome in uninduced cells, was recovered in a pool of relatively low-molecular-weight DNA early after induction treatment in the absence of DNA replication. The data indicate that excision of the viral genome occurs subsequent to the induction stimulus.
Simian virus 40 (SV40)-transformed cells usually contain only a few copies of the virus genome per diploid quantity of cell DNA (2, 9) . In the transformed cell lines in which the association of viral and cellular DNA has been investigated, viral DNA has been shown to be covalently linked to cellular DNA (10) . In general, infectious virus is not released spontaneously from SV40-transformed rodent cells and must be induced by various techniques (1, 4) . We have been studying clones of virogenic SV40-transformed hamster kidney cells that can be induced to produce infectious virus after treatment with such agents as UV or y-irradiation, mitomycin C, or bromodeoxyuridine and visible light. We have utilized these lines to study the mechanism of induction, in particular, the early events in the induction process (5, 6) . One of the earliest events may be excision of the viral genome from its integrated state in host cell DNA, as is the case in the induction of lambda DNA from the Escherichia coli genome during induction (11) . In this paper, we present data which indicate that the SV40 genome is excised from its integrated state subsequent to the induction stimulus.
The cell line studied, THK 22E, Cl 1-1, AP1 (clone E), has been described in detail (6) . It is a clone isolated from a line of SV40-transformed inbred hamster kidney cells. All the cells of this clone contain the SV40 T antigen, but no V antigen has been detected by immunofluorescence studies. Clone E cells contain 0.5 to 1.5 SV40 genomes per diploid quantity of cell DNA as determined by Cjt analysis. Since the DNA content of clone E cells is approximately twice that of diploid hamster cells, actually 1.0 to 3.0 SV40 genomes per cell are present. Clone E cells occasionally produce trace amounts of virus spontaneously. However, virus yields of approximately 104 to 106 PFU/106 cells are obtained upon induction with mitomycin C or y-irradiation.
Experiments illustrated in Fig. 1 and 2 were performed to examine the association of viral DNA with host cell DNA in clone E cells. Cellular DNA was subjected to velocity sedimentation in alkaline sucrose gradients; 32P-labeled SV40 DNA was added to a parallel gradient as a marker (Fig. 1 ). SV40 DNA content was measured in the fractions of the gradient containing high-molecular-weight cellular DNA and compared with the SV40 DNA content of total, unfractionated cellular DNA that was extracted from cells cultured in the same experiment (Fig. 2) . SV40 sequences were determined by following the kinetics of reannealing of 32P_ labeled SV40 DNA in the presence of unlabeled cellular DNA; the technique was performed by the method of Gelb et al. (2) , and the results were calculated and expressed according to Ozanne et al. (9) . From the degree of acceleration of the annealing reaction achieved by a given amount of cellular DNA, values of 1.6 SV40 genomes/cell were obtained in this experiment for both clone E total cellular DNA and fractionated high-molecular-weight cellular DNA. These results indicate that in clone E cells the SV40 DNA is linked to cellular DNA by alkali-stable bonds.
Excision of the SV40 viral genome from the integrated state was determined by following the movement of SV40 DNA from its association with high-molecular-weight host cell DNA to a pool of low-molecular-weight DNA after induction. Clone E cells were treated with either mitomycin C or y-irradiation and were harvested at different times after induction. High-molecular-weight cellular DNA was separated from a pool of low-molecular-weight [3H]thymidine, 0.05 ,Ci/ml (specific activity, 20 Ci/mmol; New England Nuclear Corp.) was included in the medium for 24 h. At the end of the labeling period, the cells were harvested with a solution containing 0.01 M Tris-hydrochloride, pH 7.4, and 0.4% sodium dodecyl sulfate. The resulting lysate was layered on top of an alkaline sucrose gradient (10 to 30%o) in 0.3 N NaOH-0.01 M EDTA-0.5 M NaCl. After storage overnight at 4 C, the gradients were centrifuged (17,500 rpm, 16 h, SW25.1 rotor, Spinco model L centrifuge). To a parallel gradient, 32P-labeled SV40 marker DNA (specific activity, 106 countslmin per Ag, prepared as described in reference 6) was added. At the end ofcentrifugation, the radioactivity ofan aliquot of each fraction was assayed, and the bottom three to five fractions were pooled, neutralized, and extensively dialyzed against 0.01 x SSC (0.0015 M NaCl plus 0.00015 M sodium citrate) containing 0.01 M EDTA; this fractionated high-molecular-weight cellular DNA was used for determination of SV40 DNA content by C,t analysis. Symbols: 0, [3H]thymidine (cellular DNA); 0, 32P-labeled SV40 DNA marker.
DNA, including free viral DNA, by the Hirt extraction procedure (3) The conditions of mitomycin C treatment used (0.5 ,ug/ml, 24 h of exposure) were those that were previously shown to induce maximum virus yields (6) . In all the experiments, treatment with mitomycin C resulted in an enrichment of the Hirt supernatant fraction with SV40 DNA sequences (column 6). Treatment with mitomycin C alone (experiment 1) "The cells were maintained and treated as described in the legends to Fig. 1 and 3 , respectively. In experiments 2 to 5, araC (10 ,8g/ml) was added to the mitomycin C-treated cells at the indicated times after initiation of induction. b Partitioning of cellular DNA between Hirt supernatant and pellet fractions was determined by labeling one to two plates in each experimental group with [3Hlthymidine (0.5 to 1.0 ,uCi/ml; specific activity, 20 Ci/ mmol; New England Nuclear Corp.) for 24 h prior to the induction treatment. After 24 h, the labeled medium was removed, and the cells were induced as described above. At the end of incubation with mitomycin C, the cells were harvested and fractionated by the Hirt procedure, and the trichloroacetic acid-precipitable radioactivity in the Hirt supernatant and pellet fractions was determined.
" The numbers shown represent the mean from two to four independent determinations of SV40 DNA content performed at different times with 32P-labeled DNA preparations of different specific activities. Where three to four determinations were performed, standard deviation from the mean is shown. The cells were treated as described in the legend to Fig. 4 . Where indicated, araC in a final concentration of 10 ,ug/ml was added to the cultures immediately after irradiation. The cells were harvested at different times postirradiation and fractionated by the method of Hirt. The amount of SV40 DNA was determined as described in the legends to Fig. 2 and 4 We have demonstrated that, early after the induction of virogenic SV40-transformed hamster cells, a portion of the viral DNA moves from its association with high-molecularweight cellular DNA to a pool of relatively lowmolecular-weight DNA. We propose that the observed enrichment of Hirt supernatant fractions for viral DNA in induced cells is due to an excision of viral DNA from its integrated state. It is unlikely that this effect is simply due to replication of SV40 DNA since it occurs to the same extent in the presence and absence of araC at early time periods postirradiation. In addition, at the time of excision, no increase occurred in the total number of SV40 genome copies per cell.
It is difficult at the present time to calculate the exact proportion of the cells in the population in which excision occurs. In experiments described herein, approximately 10 to 30% of the total viral DNA moved from the Hirt pellet to the Hirt supernatant fractions upon induction. We suspect that excision occurs in a greater proportion of cells than those which synthesize infectious virus (2 to 6%) by infectious center assay (6) .
The excision event that we have described in SV40-transformed cells may also occur after induction of polyoma virus-transformed cells since the polyoma viral DNA is integrated into host cell DNA (7). It would be of interest to determine whether induction of RNA viruses from either untransformed or RNA virus-transformed cells leads to excision of proviral DNA. We would like to thank Lawrence F. Kleinman for his excellent technical assistance and John B. Little for providing radiation facilities for these experiments.
